In most of the metropolitan cities in India, the road use patterns are very different from those of developed countries. In Indian cities, roads are shared by non-motorized vehicles in large numbers. The rapid urbanization in India after independence has resulted in the faster development of 23 metropolitan cities as per the 2001 census. While the alarming increase in road accidents has become a major concern in the country, which takes away more than 90,000 lives every year, a significant share of it is from the major cities.
INTRODUCTION
Most of the metropolitan cities in India are witnessing phenomenon of ever increasing growth of vehicular traffic due to population explosion coupled with largescale socio-economic activities. This has resulted in severe traffic problems on roads in terms of road accidents and deterioration in the eco-friendly environment due to an increase in noise and air pollution.
Rapid growth of road accidents in most of the large metropolitan cities is increasingly becoming a great concern to which takes away as many as 90,000 lives adding to human miseries. Causation of accidents can be well understood with the help of analysis of accident statistics, which can provide clues to many factors of road accidents. Many researchers including Smeed have devoted their research to the area of road accidents and reported pioneering work on the analysis of road accidents. Smeed 1 further investigated the variations in the pattern of accident rates in different countries and their causes. Livneh 2 conducted a detailed case study on road accidents in Israel. Using employment and population data, Partyka 3 developed simple models with a view to understand the various factors affecting the increase in accidents in developing countries. Andreassen 4 investigated the origin of Smeed's formula in detail and concluded that Smeed's formula cannot be applied universally to all countries. Mekky 5 used the time series data for the analysis and studied the effects of a rapid increase in motorization levels on fatality rates in some developing countries. Mohan 6 attempted to understand total crash patterns in Delhi. Jacobs and Cutting 7 attempted further to update the relationship based on earlier studies. The study on the effect of speed limits on road accidents has been carried out by Fieldwick 8 . It was found that speed limits have a considerable effect on safety both in urban and rural areas.
Adams 9 worked on Smeed's law and provided some insights in the analysis. Minter 10 discussed an application of the two models (Wright and Towell) for road safety problems and finally developed a model for estimating the road accidents in U.K. Pramada et al., 11 investigated the variations in the pattern of road accidents in various States and Union Territories of India. Emanalo et al. 12 established the trend curves for the road accidents, casualties, and other relevant quantities for Zambia.
Pramada et al., 13 developed a road accident model by using the additional parameter of road length. Ameen and Naji 14 presented a general modeling strategy to fore-cast road accident fatalities in Yemen.
It is therefore extremely desirable to understand basic factors responsible for causing road accidents. Though analyses of road accidents based on data 15 have been directed towards understanding road accidents at an all India level and large metropolitan cities, author is more emphatic on developing models for metropolitan cities in this paper.
GROWTH OF DIFFERENT METROPOLITAN CITIES IN INDIA
Urbanisation in India has been phenomenal since independence resulting in the development of metropolitan cities (one million plus population). With only one metropolitan city, Kolkata in 1901, India has now added another 23 metropolitan cities over a period of 100 years. The number of metropolitan cities during the period 1977-2001 has nearly doubled from 12 to 23. The share of the population in metropolitan cities in the year 2001 constituted about 5.34% of the total population of 1.2 billion. There is a large variation in the sizes from 13.2 million (Mumbai) to 1.62 million population (Ludhiana) in 2001.
PATTERN OF ROAD ACCIDENTS IN DIFFERENT CITIES IN INDIA
Of the total of 23, only seven major metropolitan cities have been considered for detailed analysis of road accidents for the period of 25 years, i.e., . Rapid growth of population along with numerous economic activities have acted as the major catalyst for the steady growth of the motor vehicle population and has subsequently resulted in the increase of road accidents. Table 1 presents the growth rates of motor vehicles, population and accidents for selected metropolitan cities in India. It can be seen from the table that the ratio of average annual growth of motor vehicles to population varies from 0.27 to 0.72. Except cities like Mumbai and Chennai, the five metropolitan cities exhibit a positive growth rate of accidents that is a great concern for road safety. Table  2 presents a useful result in terms of rate of changes in road accident indices.
Over a period of ten years (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , all the seven cities have experienced a decline in rate of change of road accident indices. As far as the change in the ratio of accidents to population is concerned, cities like Delhi, Hyderabad and Kolkata indicate positive values.
ROAD ACCIDENT SITUATION IN INDIA
The magnitude of road accidents in India has gone up to an alarming proportion. About 80,000 persons were killed and 382,700 persons were injured in India in the year 2001. This clearly demonstrates the gravity of road traffic problems in India, which continues to be worse primarily due to the ever-increasing growth of motor vehicles and the inadequacy of the road system to cope with the saturated traffic flow.
The actual trend in the total accidents, fatalities and injuries in India for the period 1970-2001 is illustrated Fig. 1 , which clearly reflects the increasing trend of road accidents during this period. The total number of road accidents and fatalities have gone up significantly from 114,000 to 394,000 and from 14,500 to 80,000 resulting in an increase of 3.46 times and 5.51 times respectively over a period of 32 years.
As compared to an all India level, the total road accidents in the seven metropolitan cities namely Ahemedabad, Bangalore, Mumbai, Kolkata, Delhi, Hyderabad and Chennai were about 21.5% of the total accidents during 1977, which marginally came down by 5% to 16.9% in 2001. The fatalities and injuries during this period exhibit a declining trend significantly from 10.52% to 6% and from 23.28% to 8.96% respectively. This decline in most of the selected cities reflects not only the relative expansion of the road-network, but also the extent of safety measures taken by concerned city authorities.
DEVELOPMENT OF ACCIDENT MODELS

Smeed's model
Smeed 16 (1) where D, N, P are deaths, motor vehicles and population respectively.
It was observed that 10 of the values of D calculated by this formula were within 15% of their actual values, 19 were within 40% and one was in error by 67%. The reason for the use of this formula was explained as "a formula is fitted to a set of data to summarize them and make it easier to reflect the properties of the data". There was no suggestion made to use the formula for prediction purposes. Smeed and Jaffocate 17 further attempted 1 9 7 0 1 9 7 1 1 9 7 2 1 9 7 3 1 9 7 4 1 9 7 5 1 9 7 6 1 9 7 7 1 9 7 8 1 9 7 9 1 9 8 0 1 9 8 1 1 9 8 2 1 9 8 3 1 9 8 4 1 9 8 5 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 (2) Equation (2) is very similar to that derived by Smeed suggesting that the situation in developed countries in 1938 is similar to that in developing countries in 1980.
Again this analysis of 35 developing countries was carried out for the years (1978) (1979) (1980) It can be seen that equation (3) was similar to that derived for 1980 and Smeed's equation.
Andreassen's equation
Smeed's analysis was heavily criticized by Andreassen 19 4, 19 ) motivated the authors to modify the same by including other variables like road length to improve its predictability.
Road accident models for India
Based on Smeed's formula as described earlier, an attempt has been made to develop relationships among the parameters, namely, road accidents, the number of registered motor vehicles and population. The data on road accidents in terms of total number of accidents (C), fatalities (F), injuries (I) and the number of registered motor vehicles (N) were used from road accidents in India. The model developed by Smeed does not however, explain the discrepancy for the data on India, as the data do not give good fit to the formula.
It is, therefore, proposed to investigate the data and develop appropriate models based on the concept of Smeed's formula and Andreassen's formula.
The models developed by Pramada et al. 13 The parameter coefficient -0.4 in equation (7) is not the same as the parameter's coefficient in Smeed's formula. The constant term (i.e., 0.00073) also differs with Smeed's formula (i.e., 0.0003).
In the present paper the regression analysis was carried out using Smeed's model for the years The constant term (i.e., 0.0003) in equation (7) is exactly the same as the constant term in Smeed's formula in equation (1) . Whereas, using Andreassen's approach for accident data on India, the following equations were derived for the above period: A comparison of observed and model values using the above two approaches as presented in Fig. 1 . The model seems to fit very well until 1985. Due to a sudden spurt in two wheelers and four wheelers the variation took place in urban India as shown in Fig. 1 .
Road accident models for selected metropolitan cities of India
That the accident characteristics in metropolitan cities of India varies in these cities is evident from the analysis.
The mathematical form of the model is as follows: A / N = B 1 (N / P) Table 4 presents the models for total accidents, fatalities and injuries for selected cities. Model values on road accidents obtained from equation (12) and observed values for three cities Bangalore, Kolkata and Mumbai are shown in Figs 2-4 . Table 5 demonstrates the sensi- Table 4 Road accident models for metropolitan cities of India Table 6 . The summary of the statistical tests for the regression equations is presented in Table 7 .
CONCLUSIONS
The data collected for selected metropolitan cities 
